Schinus fasciculata and S. praecox (Anacardiaceae) can be found among the characteristic vegetation components of the phytogeographic province of the Espinal. The essential oils from these two species have been obtained from fresh material by hydrodistillation and analyzed by GC and GC-MS. We have compared the chemical composition of the oils obtained from samples collected at two different natural environments and at different phenological phases. The antioxidant activity of these oils was evaluated by the DPPH assay. S. fasciculata and S. praecox showed significant differences in their chemical composition as well as in their radical scavenger ability. The essential oil from samples of S. fasciculata attacked by plant-lice (Hemiptera, Psylloidea) was the more active one, with inhibition percentages higher than that of the reference compound.
The genus Schinus comprises 22 species, six of which are endemic in Argentina. Four of these species can be found in the neighbourhood of Bahía Blanca city (38°44'S-62°16'W; Buenos Aires province), Schinus areira L. (native), S. longifolia (Lindl.) Speg. (native), S. fasciculata (Griseb.) I.M. Johnst (native) and S. praecox (Griseb.) Speg. (endemic). We have reported in the past the chemical composition and biological activity of essential oils from S. areira, S. longifolia and S. fasciculata [1] . This genus has been studied over the years by different authors [2] [3] [4] [5] [6] [7] . However, the classification of the species found in this region has not always been clear. Recent distribution studies carried out by Steibel & Troiani (Universidad Nacional de La Pampa, pers.comm.) showed that S. praecox is also found in the area, but was previously thought to be S. fasciculata. As a result of this confusion, we decided to use cultivated specimens of S. fasciculata from the Facultad de Agronomía, Universidad Nacional de La Pampa to carry out this study together with wild specimens of both species.
S. fasciculata is a shrub or tree with thorny branches, greyish when fully grown. The leaves are polymorphic or dimorphic, and the axis of the inflorescence is longer than 0.5 cm, whereas S. praecox is a shrub, 1-2 m high, with rigid thorny branches, also greyish when fully grown, but the leaves are homomorphic, and the axis of the inflorescence is shorter and it flowers much earlier.
Considering that the chemical composition of the essential oil of S. praecox has not been reported before, and that our previous report of S. fasciculata would correspond indeed to S. praecox, the chemical composition of the essential oil of S. fasciculata remains unknown. We decided, therefore, to study both species with the aim to make a contribution to the differentiation of these two species from a chemical approach. Continuing our investigations on natural antioxidants [8, 9] , we decided to include the evaluation of the radical scavenging activity of these essential oils in this study.
The specimens of S. praecox and S. fasciculata collected for this study came from two different natural environments, allowing us to compare the influence of the soil and climate characteristics on the chemical composition and biological activity of these oils. Plant phenology and health were also taken into account.
The complete information on all the samples analyzed in this work is summarized in Table 1 , including date and site of collection, phenologic state and yield of each plant oil. Samples from specimens of S. praecox in flowering and vegetative state were collected at two different natural environments. Bahía Blanca's region in Buenos Aires province is a coastal zone, while Luan Toro, Loventué department in La Pampa province, is a countryside zone. The samples of S. fasciculata correspond to cultivated healthy specimens in vegetative, flowering and fructification stage, all of them from the fields of the Facultad de Agronomía, Universidad Nacional de La Pampa, in Santa Rosa city, La Pampa province. Infected specimens were obtained from Valle Daza, a country region in La Pampa province. This infection, extremely common in wild populations of S. fasciculata, is revealed by the presence of red galls above the leaves, and is produced by hemipterous jumping plant-lice (Hemiptera, Psylloidea) [10] . S. fasciculata is more heavily attacked by gall-forming insects than S. praecox. For S. fasciculata, we were able to study the essential oils from fruits and leaves separately during the fructification season.
The essential oils were obtained by hydrodistillation from fresh plant material and their chemical compositions were determined by gas chromatography and gas chromatography-mass spectrometry. Results are summarized in Tables 2  and 3 for S. praecox and S. fasciculata, respectively. The identification of each volatile compound was achieved by comparing its retention index with those cited in the literature, its mass spectrum with those of the database, and its retention time with authentic samples, when available.
For the samples of S. praecox collected at Bahía Blanca, SP1 and SP2, we observed that the major compounds were 1-decene (12.3%), limonene (10.9%), 1-dodecanol (9.2%), hexanol (8.0%) and nonane (7.6%) for the plants in the vegetative state (SP1), and nonane (28.9%), 2,4-hexadienol (6.9%), β-caryophyllene (5.9%) and spathulenol (4.9%) for the flowering plants (SP2). For the sample SP3, collected at La Pampa, the major components were α-muurolene (15.1%), hinesol (9.8%), δ-cadinene (9.4%), cedrol (9.2%), globulol (7.8%) and carotol (6.3%). These results show that the sample of S. praecox from La Pampa (SP3) is richer in sesquiterpenoids. On the other hand, for SP1 and SP2 we can observe that flowering is accompanied by a lowering of monoterpenoid levels and a rise in the content of sesquiterpenoids. Flowering is also characterized by an important lowering of the percentages of alcohols (from 24.6 to 13.8%) and aldehydes (from 8.3 to 1.4%), and increasing levels of hydrocarbons (from 21.0 to 34.8%). The levels of aliphatic hydrocarbons and other compounds, including ketones, alcohols and aldehydes are very low for SP3 compared with samples SP1 and SP2, leading us to think that this difference could be attributed to the soil and climate characteristics of the place of collection. The data included in Table 2 for SP1 correspond to that previously assigned to S. fasciculata [1] and no significant differences were observed for equivalent samples collected in 2006.
In the case of S. fasciculata, five samples were analysed. The major compounds detected in SF2 were bicyclogermacrene (22.2%), globulol (10.4%), viridiflorol (10.0%), terpinen-4-ol (7.5%) and δ-cadinene (5.6%). For SF3, plants with flowers, the main components of the essential oil were bicyclogermacrene (23.1%), β-myrcene (20.2%), globulol (7.1%) and viridiflorol (5.9%). From plants of S. fasciculata with fruits we took two samples, leaves and fruits separately, which rendered two essential oils, SF4 and SF5, respectively. In the essential oil from leaves the main components were α-phellandrene (13.8%), bicyclogermacrene (11.6%), δ-cadinene (8.6%), β-terpinene (8.1%) and δ-cadinol (6.1%). The essential oil from fruits showed terpinen-4-ol (14.5%), β-pinene (5.7%), α-phellandrene (11.7%), bicyclogermacrene (5.6%) and β-phellandrene (7.7%) as the major compounds. For the sample SF1, corresponding to the essential oil obtained from infected plants of S. fasciculata, the main components of the oil were terpinen-4-ol (29.5%), bicyclogermacrene (19.0%), globulol (5.8%) and viridiflorol (5.0%). Comparing SF1 with SF2 it seems that the plant-lice infection provokes a significant rise in the content of terpinen-4-ol. In the case of S. fasciculata, flowering is accompanied by a rise in the percentage of monoterpenes and a lowering in the levels of oxygenated monoterpenes, sesquiterpenes and oxygenated sesquiterpenes, as is revealed by comparison of the results obtained for the samples SF2 and SF3.
The radical scavenging activity of the essential oils was evaluated by the reduction of the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) [11] . This assay was performed in a preliminary qualitative way over silica gel plates and all the samples showed antioxidant activity. Then, in a spectrophotometric assay, the percentage of DPPH inhibition was determined for each sample at six different concentrations and compared with a reference compound (BHT). Results can be observed in Figure 1 . Essential oils from S. praecox (SP1, SP2, and SP3) elicited a weaker activity in comparison with essential oils from S. fasciculata. It is worthy of note that the essential oil from infected plants of S. fasciculata (SF1) gave the highest DPPH inhibition percentages and was more active than BHT, the reference compound, under the same experimental conditions. Considering the phenological stages, we observed that the DPPH inhibition decays during the flowering period (SF3) in comparison with the results obtained for plants in their vegetative stage (SF2), and rises again during fructification (SF4 and SF5). Studying the essential oils from fruits (SF5) and from leaves and stems (SF4) separately, we were able to see that the antioxidant activity is higher for the fruit oil.
In conclusion, the chemical compositions of the essential oils of S. fasciculata and S. praecox have been analyzed and it was observed that there are significant differences between them. Moreover, our results show that the chemical composition of these oils varies depending on the phenological phase, health condition and origin of the plants.
Consequently, the essential oil composition does not appear to be a useful tool for the taxonomic differentiation of these species.
Essential oils from S. fasciculata elicited better scavenging ability than oils from S. praecox. As expected, the radical scavenging property of S. fasciculata oil depends on the chemical composition of each sample. In particular, we observed that the oil obtained from infected specimens was the most active one, followed by the oil obtained from S. fasciculata fruits.
To our knowledge, this is the first report on the chemical analysis of volatile constituents of S. praecox and S. fasciculata.
Experimental
Gas chromatography-mass spectrometry analyses were performed with a Hewlett-Packard 6890 chromatograph connected to a Hewlett-Packard 5972A mass spectrometer equipped with a capillary column (HP-5, 25 m x 0.25 mm, 0.25 μm film thickness). The carrier gas was helium with a flow rate of 1 mL/min. The GC oven temperature was held at 50ºC for 2 min, programmed at 5ºC/min to 200ºC, then held at this temperature for 15 min. Mass spectra were recorded at 70 eV. Whenever possible both species were studied in different phenologic states (vegetative, flowering and fructification). The health conditions of the studied material were also taken into account. In Table 1 are summarized the characteristics of the studied samples. Essential oils: Essential oils were obtained from fresh material by hydrodistillation, as previously reported [2] . The yields obtained for each oil are given in Table 1 . The chemical composition of each oil was determined by GC and GC-MS. The compounds were identified by comparison of their retention indices (Kovats Indices) with those of known compounds, and also by comparison of their mass spectra with those stored in the MS databases (NBS75K.L MS DATA). Relative percentage amounts were obtained directly from GC peak areas. Percentage data shown are mean values of two injections of each essential oil sample.
DPPH assay:
The antioxidant activity of the essential oils was evaluated through their ability as free radical scavengers. The preliminary test was performed with a rapid TLC screening method using the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) [11] . Analytical TLCs on silicagel plates were developed under appropriate conditions after application of 5 μL of oil solution (5 mg/mL), drying and spraying with DPPH solution (0.2%, MeOH). Five minutes later, active compounds appeared as yellow spots against a purple background. BHT (1 mg/mL) was used as a positive control.
The spectrophotometric assay was carried out at six different concentrations of the essential oils, ranging from 10 to 100 μg/mL, prepared in MeOH:CH 2 Cl 2 95:5. A sample (300 μL) was mixed with 2.5 mL of a 0.004% methanolic solution of DPPH. The absorbance was spectrophotometrically measured at 517 nm after 30 min of incubation. The percentage of DPPH reduction was calculated taking into account the absorbance of the blank solutions (2.5 mL MeOH plus 300 μL oil solution) and the negative control (2.5 mL DPPH solution plus 300 μL of MeOH:CH 2 Cl 2 95:5). BHT was used as the reference compound under the same experimental conditions. Each assay was run in triplicate.
